In LQT3 patients, SCN5A mutations were found that lead to a small fraction of persistent hNav1. 5 
Introduction
Mechanisms by which mutation-induced alterations of the hNav1.5 current predispose LQT3 patients to arrhythmias have been explored from an electrical point of view [1] [2] [3] . However, a possible contribution of altered ionic homeostasis was not explored quantitatively. In particular, the presence of a persistent Na + current (I Nap ) during the action potential might cause elevation of intracellular [Na + ], a condition that predisposes to calcium overload and arrhythmogenesis. We explored whether this effect would be quantitatively important in a computer model of guinea pig ventricular myocyte. Two modifications of the model causing equivalent prolongation of the action potential were compared. In the first modified model, a persistent Na + current was introduced, to mimic a mutation-induced LQT3 condition. In the other modification, a decrease in I Kr and I Ks currents was introduced to cause a similar prolongation of the action potential. The two models were compared in their ability to cause changes in intracellular ionic homeostasis. We further evaluated the response of these modified models to an increase in heart rate that favors Ca 2+ overload and to hypokalaemia, that may trigger arrhythmias in LQT patients.
Methods
A ventricular cell model that includes ionic currents, intracellular ionic homeostasis and a single compartment tubular system [4] was modified to closely match the properties of guinea-pig ventricular cells at 37°C (briefly described in [5] -this volume). This model was written and integrated under the MATLAB environment.
In the control version of the model (named Cont), I Nap was not present and both the fast and slow outwardly rectifying potassium currents (I Kr and I Ks ) were formulated with a maximal conductance of 0. 8 ] i =32.5 nM for I Ks ).
In the first modification of the model (named +I Nap ), a persistent Na + current was introduced in the form: fig. 2a) as well  as the -IK model (fig. 2b) . Model +INa p displayed arrhythmic behavior at 5 mM ( fig. 2e) fig. 2c ).
Results

Discussion and conclusions
The magnitude of the persistent current that was introduced in the +INa p model caused an action potential prolongation by 46 %, which is in the range reported for the QTc lengthening in LQT3 syndrome. For so doing, g Nap was set to a value of 0.02 mS/cm2 which represents 0.066 % of the maximal conductance for the fast Na + current (I Na ). The magnitude of the persistent current for exogenously expressed mutated hNav1.5 channels amounted 1 to 6 % of the peak Na + current [6, 7] . Thus only a small part of fast Na + channels (1.1 % to 6.6 %) would need to be mutated to account for the fraction of 0.066 % persistent Na + current. This is consistent with the heterozygous presence of such mutations, allowing a mixed population of mutated and wild-type channels to coexist in cardiac cells of patients bearing such mutations. It also entails that the mutated channel genes need not attain a high level of expression for causing a LQT3 phenotype.
Here we obtained indication that the presence of a persistent Na + current causes intracellular overload in Na It may be noted that the change introduced in our model to account for a persistent Na + current is not an exact image of the change induced in the fast hNav1.5 current by mutations causing LQT3 phenotype [1, 6, 7] . In particular, the voltage shifts of the steady-state inactivation versus voltage relation and the accelerated fast inactivation of the hNav1.5 current were not taken into account here. This was purposely done to explore the effects of a persistent Na + current per se on ionic homeostasis. Nevertheless, the complete set of changes for a given mutation should be explored to test whether the effects outlined here are altered. Another simplification is that the equations used here for the persistent Na + current do not account for the ultra-slow inactivation present in the persistent current of mutated channels [1, 6, 7] . However, as the time constant of this inactivation was several fold longer than the duration of action potentials in the present model, the magnitude of the persistent Na + current should be negligibly altered within the duration of an action potential.
The possible effects of the presence of the transverse axial tubular system (TATS) in our model were not explored here. We have shown in a former study that the TATS exerts a protective effect in retarding the proarrhythmic effect of progressive hypokalaemia [8] . Such an effect should not alter the conclusions from the present work.
These results were obtained in a model of guinea-pig ventricular cell and may not readily hold for a human cardiac cell. However, they suggest to consider the possibility that intracellular Na + and Ca 2+ overload may contribute to predisposition of LQT3 patients to syncope.
